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Abstract 
Beam halo collimation is of great importance for the 

high repetition rate operation at the European XFEL and 
for the future CW machines. At the European XFEL sev-
eral different types of collimators are installed at different 
locations of the beam line, which include the gun collima-
tors, the bunch compressor collimators, and the main and 
supplementary collimators in the collimation section. 
Beam halo measurements have been performed using the 
wire scanners downstream of the main linac, which show 
that large part of beam halo is collimated by the gun col-
limator. Remaining losses in the collimation section are 
mainly due to misalignment. Alignment using orbit 
bumps in the collimation section is performed and pre-
sented in this paper.  

INTRODUCTION 
The European XFEL (EuXFEL) operates with a 10 Hz 

RF gun and a superconducting linac with a maximum 
repetition rate of 4.5 MHz (27000 bunches/s) and a max-
imum beam power of more than 500 kW [1-4]. The layout 
of the EuXFEL is shown in Fig.1 (top). In the future, the 
EuXFEL is planned to be upgraded to CW operation 
mode. The long-term stable operation of the facility relies 
on the control of beam losses and exposure to dark cur-
rent, which may cause radiation damage of different com-
ponents in the beam line (e.g. undulators). Therefore, it is 
crucial to collimate the dark current and beam halos gen-
erated in the gun and along the ~ 1.7 km long linac.  

 

 

           
Figure 1: Schematic layout of European XFEL beam line 
(top) with the gun collimator (bottom left), the bunch 
compressor collimator (bottom middle) and the main 
collimator in the collimation section (bottom right). 

 
At the European XFEL several different types of colli-

mators are installed at different locations of the beam line. 
For the gun dark current and beam halo collimation, two 
plates (11 mm thick) are installed after the gun (see Fig.1 
bottom left): one with Ø 2-8 mm variable apertures and 
another one with fixed Ø 8 mm aperture. These two plates 

can block main part of the dark current at low energy of 6 
MeV and avoid high energy radiation and activation of 
components. After the injector, in the three bunch com-
pressor (BC) chicanes, three collimators are installed for 
energy halo collimation. These collimators constitute two 
bars (upper and lower), which can be moved separately 
(see Fig.1 bottom middle). The positions of these collima-
tors depend on the compression setup (R56) [5]. 

After the linac, a ~200 m long collimation section (CL 
section) [6], with four main (COLM) and three supple-
mentary (COLS) collimators, is dedicated to collimate the 
dark current from the linac, beam halo and off-energy 
particles. The specifications of the above mentioned col-
limators are summarized in Table 1. 

Table 1: Collimator Specifications 

Location Geometry Thickness/length Ma-
terial 

Gun Ø 2-8 mm 
holes 

11 mm Cu 

BC Upper and 
lower bars 

35 mm/75 mm Cu 

COLM Ø 4,6,8,20 
mm holes  

0.5 m Ti 
alloy 

COLS Ø 10 mm 
holes 

1 m Al 

 
First beam halo1 measurements using the wire scanners 

(WS) [7] have been performed before and after the CL 
section and reported in Ref. [8]. The same method for 
beam halo measurements is used in this paper to study the 
performance of the gun collimator. Then, the beam loss 
map in the CL section is presented followed by the align-
ment of the beam with respect to the collimators using the 
orbit bump tool.  

GUN COLLIMATOR PERFORMANCE 
During the commission of the EuXFEL, we have no-

ticed that a single plate of collimator is not sufficient for 
the gun dark current collimation, and the secondary parti-
cles generated during the collimation can still be trans-
ported downstream. Therefore, in the end of 2017, anoth-
er plate with variable apertures is installed upstream of 
the fixed aperture plate and it is in operation in the begin-
ning of 2018. After adding this plate, we have observed 
significant improvement of dark current and beam halo 
collimation.  

 ___________________________________________  

† shan.liu@desy.de 

1 By beam halo, we mean the projected beam distribution beyond ±3σ. 
Since it is the projected beam distribution, it can be the bunch tails 
which is tilted. 
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Figure 2 shows the beam halo measurements using the 
WS installed after the main linac, before the CL section. 
First, the beam core is scanned using the 20 um thick wire 
and the signal is collected by the WS detector (scintillat-
ing fibers). Then, the beam halo scan is performed using 
the 50 um thick wire, and the beam loss monitor (BLM) 
[9] is used for the signal detection. The beam halo posi-
tion is then normalized to the beam size unit (number of 
sigma) extracted from the Gaussian fit of the beam core. 
The measurements were performed for different gun col-
limator apertures. One can see that the beam halo level is 
reduced with smaller collimator apertures, especially in 
horizontal plane: the halo extension is reduced by ~10σ 
by changing the aperture from 6 mm to 5 mm. However, 
changing from 5 mm to 4 mm didn’t make much differ-
ence. This may indicate that the residual beam halo is 
generated downstream of the gun collimator.  

Although we can collimate more halo using smaller ap-
ertures, it can also generate significant beam loss and 
transverse wakefield (due to transverse offset). Therefore 
in normal operation we still use 6 mm aperture.  

 

 
Figure 2: Horizontal (top) and vertical (bottom) beam 
halo distribution measured after linac and before CL 
section for different gun collimator apertures.  

COLLIMATION SECTION 
At the CL section, different optics can be set according 

to different requirements for beam transportation and 

beam halo collimation [6]. Optics mode A with a beta 

function of ~200 m at the collimator location is applied 

since 2018. The collimation depth with this optics mode is 

~20σ using the 6 mm aperture, which is normally used 

during the operation.  

Since the gun collimator has already collimated the 

beam halo by large extent, other possible sources for 

beam losses in the CL section remain energy slope within 

a bunch train and the misalignment of the beam w.r.t. the 

collimators. The energy slope can be and has already been 

controlled by proper LLRF settings. Further improve-

ments on multi-RF flattops setting are on going. Concern-

ing the misalignment, it can generate large transverse kick 

due to short-range transverse wakefields, which can in-

duce energy spread and projected emmitance growth [10]. 

Therefore, it is important to align the beam through the 

center of the collimator.  

Alignment  

For safety reasons, the main collimators are equipped 

with end switches, which limit the collimator hole mova-

ble range to ± 500 um (vertically) from the vacuum 
chamber center. Therefore, beyond this range one has to 
use another tool to align the beam. For this purpose, we 
have introduced an orbit bump tool. This tool uses the 
upstream correctors to steer the beam at the collimator 
location and then uses the downstream correctors to close 
the orbit variation (see Fig. 3 (left)). The orbit oscillation 

at the second arc (3rd and 4th collimator position) is due to 

the transverse kick (transverse momentum) generated by 
the correctors at the first arc (1st and 2nd collimator posi-
tion) after 270° phase change. Besides, the horizontal 

orbit also oscillates at the second arc, this is due to x-y 

coupling generated by the sextupoles in the first arc3.  
During this orbit bump scan, the downstream BLM sig-

nals2 are recorded, the maximum of which is taken and 
plotted in Fig. 3 (middle). The recorded signal can be 
fitted using the error function from the two sides of the 

distribution: 

𝑓(𝑥) = 1 ± erf(𝑠 ∗ (𝑥 − 𝑝)),               (1) 

where p is the middle position of the error function. The 

fit is performed separately on the two sides of the distri-

bution and one can define the center of the beam as (𝑝𝑙𝑒𝑓𝑡 

+𝑝𝑟𝑖𝑔ℎ𝑡)/2. In Eq. (1), s is a parameter related to the beam 

size. Assuming a Gaussian beam in projection, then 𝑠 =

√2𝜎2, however, in the measurements we often observe 

some beam tails (i.e. slope in the distribution) which pre-

vent us from extracting the beam size from the fit. This 

tail may indicate that the bunch is tilted at the collimator 

location. On the other hand, this may be used as a diag-

nostic for beam tilt generated upstream or inside the CL 

section.   

In Fig. 3 (right) the orbit before and after alignment is 

shown. Several tests have been done in different weeks 

2 The BLM signal amplitude is fixed at 2, due to the saturation of the 
ADC. 
3 One can switch them off during the measurement. However, its effect on 
the measurement is negligible, since the downstream collimators are open 
(with Ø20 mm) during the alignment for the upstream collimators.  
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Figure 3: Example of vertical orbit bump scan at the 1 st collimator location (left) and the BLM signal as a function of 

bump deflection strength fitted using Eq. (1) (middle). Horizontal and vertical orbit before and after alignment 

(right). 

and the orbit after alignment is quite reproducible. One 

can see that at some locations the horizontal offset after 

alignment is even larger than before alignment (by the 

readout of the BPM). This may be due to the fact that the 

collimators can’t be moved horizontally. 

Beam Halo Measurements After the CL Section 

After the alignment in the CL section, one can use the 
three WSs after the CL section to measure the beam halo 
(or beam tail). There is 65° phase advance between the 1st 
and the 2nd one and 25° between the 2nd and the 3rd one. 
One example of the measurements performed before (top) 
and after the alignment (bottom) is shown in Fig. 4 for 
horizontal (left) and vertical (right) plane separately.   

In horizontal plane one can see that, after alignment the 
beam halo measured using different WSs overlap much 
better than before alignment. This indicates that the beam 
(including the beam halo or tail part) became almost 
round in phase space. In the vertical plane, however, the 
overlap is much worse. The halo part extends much fur-
ther at one position than the other. Nevertheless, we ob-
serve less halo (tail) after alignment than before align-
ment. This may indicate that, by aligning the beam 
through the center of the collimator, we have minimized 
the transverse kick generated by the transverse wakefield. 

 

    
Figure 4: Horizontal (left) and vertical (right) beam halo 

distribution measured using three different WSs after CL 

section before (top) and after (bottom) alignment. 

CONCLUSIONS AND FUTURE PLANS 
Using the gun collimator, we found out that the beam 

halo extension beyond ±10σ is generated from the gun, 

and can be collimated by the gun collimator (with aper-
ture < Ø5 mm).   

In the CL section, the remain main losses comes from 
the misalignment of the beam, especially when the beam 
is tilted by the transverse wakefield introduced by trans-
verse offset at the collimator location. And during the 
machine tuning, we have observed that the SASE power 
depends strongly on careful alignment of the orbit in the 
CL section. Therefore, alignment is crucial in the CL 
section. An orbit bump tool is used for this purpose. After 
automatization, one scan takes around 2 minutes. Howev-
er, the hysteresis of the correctors and the subsequent 
orbit variation still need to be taken care of.    

After alignment, we used the WSs after the CL section 
to measure the beam halo (tail). The measurements indi-
cate that the transverse kick generated by the transverse 
wakefield is minimized by the alignment. Meanwhile, one 
can use the orbit bump scan and the wire scans as a diag-
nostic for the beam tail generated by the transverse wake-
field. 

Up to now, the alignment is only tested for single bunch 
operation. Optimum position for multi-bunch operation 
(in case of energy slope within a bunch train) may be 
different and this can serve as a SASE tuning knob in the 
future. In addition, further investigations on the transverse 
kick generated before and after the CL section will be 
carried out. Theoretical calculations will be compared 
with the measurements to further develop the orbit bump 
and wire scans as a new diagnostic for the tilt of the beam 
tails. 
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